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(57) ABSTRACT

A system and method for controlling engine revolutions for a
hybrid construction machine, including an engine, a hydrau-
lic pump which is driven by the engine to drive a hydraulic
actuator with discharged hydraulic fluid, a motor-generator
which is driven by the engine to generate electricity and to
drive the hydraulic pump as a motor supplementing the
engine, an energy storage device which is charged with elec-
tric energy generated by the motor-generator and which sup-
plies the electric energy for motor operation of the motor-
generator, a torque detection unit for detecting an output
torque of the hydraulic pump that is required to drive the
hydraulic actuator, and a hybrid control unit for controlling
the motor operation of the motor-generator to supplement the
engine output if the change of the output torque of the hydrau-
lic pump exceeds a predetermined level and it is determined
that an engine revolution drop will occur.
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1
SYSTEM AND METHOD FOR
CONTROLLING ENGINE REVOLUTIONS
FOR HYBRID CONSTRUCTION MACHINE

CROSS-REFERENCE TO RELATED
APPLICATION

Related Application

This application is a divisional of application Ser. No.
12/819,495 filed on Jun. 21, 2010, the entire contents of
which are incorporated herein by reference.

This application is based on and claims priority from
Korean Patent Application No. 10-2009-69576, filed on Jul.
29, 2009 in the Korean Intellectual Property Office, the dis-
closure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system and method for
controlling engine revolutions for a hybrid construction
machine. More particularly, the present invention relates to a
system and method for controlling engine revolutions for a
hybrid construction machine, which can prevent the occur-
rence of engine revolution drop in a hybrid construction
machine.

2. Description of the Prior Art

In general, a construction machine such as an excavator in
the related art has a hydraulic driving system which drives a
hydraulic pump by a fuel engine and drives an actuator by
hydraulic pressure.

FIG. 1 is a necessary torque output relationship diagram of
an excavator system in the related art. As illustrated in FIG. 1,
in a hydraulic excavator in the related art, an opening area of
a main control valve (MCV) 7 is adjusted in accordance with
an output of a pilot valve 6 through a user’s manipulation of
a lever 5. Hydraulic fluid discharged from a hydraulic pump
13 is transferred to respective hydraulic systems with its flow
rate adjusted in accordance with the opening area of the MCV
7. Since the driving of the hydraulic pump 13 is performed by
a fuel engine 10, the efficiency thereof is relatively low.

In the construction machine such as the hydraulic excava-
tor in the related art, it is sometimes required to perform
working as greatly changing an engine output so as to cope
with great load change, and it is required to seek improvement
of' mileage by effectively utilizing the engine output. Accord-
ingly, a hybrid technology using an electric motor-generator
that is adopted in a hybrid vehicle has been planned to be
applied to an excavator. That is, a hybrid construction
machine, such as a hybrid excavator, in which an engine is
connected to an electric motor-generator, has been proposed.
According to the hybrid construction machine, in the case of
performing a light-load operation, the motor-generator is
operated to generate power to charge a battery using a portion
of'the engine output, while in the case of performing a heavy-
load operation, electric energy is provided from the battery to
supplement the engine.

An electric motor-generator is attached to the engine of the
hybrid excavator. If this electric motor-generator is abruptly
operated, engine revolutions (i.e. revolutions per minute
(RPM)) may be lowered to cause the occurrence of an engine
revolution (RPM) drop. Although the engine returns to its
original revolutions by a self-control system, the working
performance is lowered in this process.
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Also, the lowering of the engine revolution occurs when
the load is greatly changed, for example, the load is abruptly
increased, during operation of the construction machine.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art
while advantages achieved by the prior art are maintained
intact.

The present invention proposes to improve an engine revo-
Iution (RPM) drop which occurs during the operation of a
hybrid excavator or due to an abrupt operation change of a
motor-generator attached to an engine.

The present invention also proposes to provide a system
and method for controlling engine revolutions for a hybrid
construction machine, which can improve an engine revolu-
tion (RPM) drop by supplementing an engine output through
operation of a motor-generator as a motor when the RPM
drop occurs.

The present invention also proposes to provide a system
and method for controlling engine revolutions for a hybrid
construction machine, which can smoothly change and pro-
cess a driving signal of a motor-generator so as to prevent the
occurrence of an abrupt change of engine revolutions (RPM)
due to an abrupt operation of the motor-generator attached to
an engine of the hybrid construction machine.

In one aspect of the present invention, there is provided a
system for controlling engine revolutions for a hybrid con-
struction machine, including an engine, a hydraulic pump
which is driven by the engine to drive a hydraulic actuator
with discharged hydraulic fluid, a motor-generator which is
driven by the engine to generate electricity and to drive the
hydraulic pump as a motor supplementing the engine, and an
energy storage device which is charged with electric energy
generated by the motor-generator and which supplies the
electric energy for motor operation of the motor-generator,
which further includes a torque detection means for detecting
an output torque of the hydraulic pump that is required to
drive the hydraulic actuator; and a hybrid control means for
controlling the motor operation of the motor-generator so as
to supplement the engine output if the change of the output
torque of the hydraulic pump detected by the torque detection
means exceeds a predetermined level and it is determined that
an engine revolution drop will occur.

In the system for controlling engine revolutions according
to a preferred embodiment of the present invention, the hybrid
control means controls the motor operation of the motor-
generator so as to supplement the engine output if the change
of the output torque of the hydraulic pump exceeds the pre-
determined level due to an abrupt increase of load and it is
determined that the engine revolution drop will occur.

The system for controlling engine revolutions according to
a preferred embodiment of the present invention further
includes a driving control means for controlling power gen-
eration or the motor operation of the motor-generator; and an
abrupt operation detection means for detecting whether the
motor-generator is abruptly operated; wherein the hybrid
control means smoothly processes an abrupt operation signal
of the motor-generator and supplies the processed signal to
the driving control means if the change of the output torque of
the hydraulic pump that is required according to the abrupt
operation of the motor-generator detected by the abrupt
operation detection means exceeds the predetermined level
and it is determined that the engine revolution drop will occur.

In another aspect of the present invention, there is provided
a method for controlling engine revolutions in a control sys-
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tem for a hybrid construction machine, including an engine, a
hydraulic pump which is driven by the engine to drive a
hydraulic actuator with discharged hydraulic fluid, a motor-
generator which is driven by the engine to generate electricity
and to drive the hydraulic pump as a motor supplementing the
engine, and an energy storage device which is charged with
electric energy generated by the motor-generator and which
supplies the electric energy for motor operation of the motor-
generator, the method for controlling engine revolutions
includes a torque detection step of detecting an output torque
of the hydraulic pump that is required to drive the hydraulic
actuator; a drop determination step of determining the possi-
bility of generating an engine revolution drop if the change of
the output torque of the hydraulic pump detected in the torque
detection step exceeds a predetermined level; and a hybrid
control step of controlling the motor operation of the motor-
generator so as to supplement the engine output if it is deter-
mined that the engine revolution drop will occur in the drop
determination step.

In the method for controlling engine revolutions according
to a preferred embodiment of the present invention, the drop
determination step determines the possibility of generating
the engine revolution drop if the change of the output torque
of'the hydraulic pump exceeds the predetermined level due to
an abrupt increase of load during operation.

In still another aspect of the present invention, there is
provided a method for controlling engine revolutions in a
control system for a hybrid construction machine, including
an engine, a hydraulic pump which is driven by the engine to
drive a hydraulic actuator with discharged hydraulic fluid, a
motor-generator which is driven by the engine to generate
electricity and to drive the hydraulic pump as a motor supple-
menting the engine, and an energy storage device which is
charged with electric energy generated by the motor-genera-
tor and which supplies the electric energy for motor operation
of the motor-generator, the method for controlling engine
revolutions includes an abrupt operation detection step of
detecting whether the motor-generator is abruptly operated; a
torque calculation step of calculating an output torque of the
hydraulic pump that is required in accordance with the abrupt
operation of the motor-generator detected in the abrupt opera-
tion detection step; a drop determination step of determining
the possibility of generating an engine revolution drop if the
change of the output torque of the hydraulic pump calculated
in the torque calculation step exceeds a predetermined level;
and a hybrid control step of controlling the motor operation of
the motor-generator by smoothly processing an abrupt opera-
tion signal of the motor-generator if it is determined that the
engine revolution drop will occur in the drop determination
step.

As preferred embodiments of the present invention,
embodiments according to diverse possible combination of
the above-described technical features may be included.

With the above-described construction, the engine revolu-
tion (RPM) drop, which occurs during the operation of the
hybrid excavator or due to an abrupt operation change of the
motor-generator attached to the engine, is prevented from
occurring.

Also, the engine revolution (RPM) drop is prevented from
occurring by supplementing the engine output through the
operation of the motor-generator as a motor when the engine
revolution drop will occur due to the operation of the con-
struction machine such as an excavator.

Also, the engine revolution (RPM) drop is prevented from
occurring by smoothly changing and processing the driving
signal of the motor-generator so that an abrupt change of the

20

35

40

45

4

engine revolutions does not occur due to the abrupt operation
of the motor-generator attached to the engine of the hybrid
construction machine.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more apparent from the following
detailed description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 is a necessary torque output relationship diagram of
an excavator system in the related art;

FIG. 2 is a necessary torque output relationship diagram of
acontrol system for a hybrid construction machine according
to an embodiment of the present invention;

FIGS. 3A and 3B are schematic block diagrams illustrating
the configuration of a system for controlling engine revolu-
tions for a hybrid construction machine according to an
embodiment of the present invention;

FIG. 4 is a view illustrating the standard work data per
engine mode of an excavator;

FIG. 5 is a flowchart illustrating a method for controlling
engine revolutions for a hybrid construction machine accord-
ing to another embodiment of the present invention; and

FIG. 6 is a flowchart illustrating a method for controlling
engine revolutions for a hybrid construction machine accord-
ing to still another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. The matters defined in the description, such as the
detailed construction and elements, are nothing but specific
details provided to assist those of ordinary skill in the artina
comprehensive understanding of the invention, and thus the
present invention is not limited thereto.

First, a system for controlling engine revolutions for a
hybrid construction machine according to an embodiment of
the present invention will be described.

A control system for a hybrid construction machine will
now be described.

FIG. 2 is a necessary torque output relationship diagram of
acontrol system for a hybrid construction machine according
to an embodiment of the present invention.

Referring to FIG. 2, a control system for a hybrid construc-
tion machine includes an engine 10, a hydraulic pump 13
which is driven by the engine 10 to drive a hydraulic actuator
15 with discharged hydraulic fluid, a motor-generator 17
which is driven by the engine 10 to generate electricity and to
drive the hydraulic pump 13 as a motor supplementing the
engine 10, and an energy storage device, e.g. a battery 19,
which is charged with electric energy generated by the motor-
generator 17 and which supplies the electric energy for motor
operation of the motor-generator 17. A system for controlling
engine revolutions for a hybrid construction machine is a
control system for reducing the change of the engine revolu-
tions (per minute) in the control system of the hybrid con-
struction equipment.

The driving process of the engine 10 in the hybrid construc-
tion machine system will be described. If a work mode, for
example, P-mode, H-mode, Gl-mode, or Fl-mode, is
selected by a mode selection switch 1, the engine revolutions,
that is, engine revolutions per minute (RPM), is set to 1900
RPM, 1800 RPM, 1700 RPM, 1400 RPM, or the like, and the
engine revolutions become reference engine revolutions. If
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fuel stored in a fuel tank 4 is injected into the engine 10
through a fuel injection system 3, the engine 10 is driven. A
hybrid control means 50 receives feedback of torque neces-
sary for the hydraulic actuator 15, that is, the output torque
provided from the hydraulic pump 13, and controls power
generation or motor operation of the motor-generator 17
through a control algorithm 51. In accordance with the power
generation or motor operation of the motor-generator, a nec-
essary output of the existing engine 10 for providing the
output torque of the hydraulic pump that is necessary for the
hydraulic actuator 15 is determined. In order for the existing
engine 10 to provide necessary output, the output revolutions
of'the engine 10 and a required output or engine output torque
are fed back to an electronic control unit (E-ECU) 3. The
output torque of the engine 10 is varied by the variation of the
fuel injection amount from the fuel tank 4 through the fuel
injection system 3 that is controlled by the electronic control
unit (E-ECU) 2.

FIG. 4 is a view illustrating the standard work data per
engine mode of an excavator, and shows engine outputs
according to the excavator work. Examples of working mode
may be P-mode, H-mode, G1-mode, G2-mode, F1-mode, and
the like. The working modes are to fix the engine revolutions
of the engine 10. For example, if the working mode is set to
P-mode, the engine 10 is set to 1900 RPM. If there is no load
in the engine 10, the engine revolution is kept 1900 RPM,
while if the load becomes larger due to the use of the exca-
vator, the engine revolutions becomes a little lower than 1900
RPM, and more fuel is injected into the engine 10 through the
self control system to keep the engine revolutions of 1900
RPM.

FIG. 3A is a schematic block diagram illustrating the con-
figuration of a system for controlling engine revolutions for a
hybrid construction machine according to an embodiment of
the present invention.

Referring to FIG. 3A, in the system for controlling engine
revolutions for a hybrid construction machine, the control
system for a hybrid construction machine includes an engine
10, a hydraulic pump 13 for driving a hydraulic actuator 15, a
motor-generator 17 which is driven by the engine 10 to gen-
erate electricity and to drive the hydraulic pump 13 as a motor
supplementing the engine 10, and an energy storage device 19
which is charged with generated electric energy and which
supplies the electric energy for motor operation of the motor-
generator 17. The system for controlling engine revolutions
for a hybrid construction machine further include a torque
detection means 40 for detecting the output torque of the
hydraulic pump 13 that is required to drive the hydraulic
actuator 15, and a hybrid control means 50.

The torque detection means 40 detects the output torque of
the hydraulic pump that is required to drive the hydraulic
actuator 15. The torque required to drive the hydraulic actua-
tor 15 corresponds to the output provided from the hydraulic
pump 13. Preferably, the torque detection means 70 detects
the output torque output from the hydraulic pump 13 through
the adjustment of a swash plate 14. Also, the torque that is
necessary for the system may be detected by detecting the
opening area or the output of a main control valve (MCV) 7.
Referring to FIG. 2, the opening area of the main control valve
(MCV) 7 is adjusted in accordance with the output of a pilot
value 6 through a user’s operation of a lever 5. Also, the
output of the hydraulic pump 13 can be directly controlled by
adjusting the swash plate 14 of the hydraulic pump 13 through
a valve electronic control unit (not illustrated) in accordance
with the output of the pilot valve 6 through the user’s opera-
tion of the lever 5. The flow rate discharged from the hydrau-
lic pump 13 is adjusted according to the opening area of the
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MCYV 7 to be transferred to respective hydraulic systems, or is
adjusted by the swash plate 14 that is controlled by the valve
electronic control unit (not illustrated) to output torque that is
required, for the construction machine, for example, the exca-
vator.

The hybrid control means 50, if the change of the output
torque of the hydraulic pump 13 detected by the torque detec-
tion means 40 exceeds a predetermined level and it is deter-
mined that an engine revolution drop will occur in the engine
10, controls the motor operation of the motor-generator 17 to
supplement the output of the engine 10.

FIG. 4 illustrates use areas of the engine in respective
modes. Although use areas in several modes are illustrated in
FIG. 4, one mode is fixedly used for an actual excavator work
for several hours. If load is abruptly increased during work-
ing, that is, if the torque that is required to drive the hydraulic
actuator 15 is abruptly increased, the revolutions (RPM) of
the engine 10 are considerably lowered. Even an excavator in
the related art adopts means for preventing such lowering of
engine revolution, and for example, the lowering of the
engine revolution during working is limited to 100 RPM. In
the case of the hybrid construction machine according to an
embodiment of the present invention, the operation response
speed of the motor-generator 17 attached to the engine 10 is
much faster than that of the engine 10, and thus the revolution
(RPM) drop of the engine 10 can be prevented by adjusting
the output of the motor-generator 17.

Preferably, if it is expected that the engine revolutions are
lowered for more than 100 RPM, it is determined that the
revolution drop of the engine 10 will occur. Referring to FI1G.
4, for example, if it is assumed that the hydraulic actuator 15
is operated by an output of about 30 kW that is received in
H-mode, and the output torque of the hydraulic pump 13 is
abruptly increased from about 150 Nm to about 500 Nm due
to arequired load of an output of 90k W, it is expected that the
engine revolutions in the H-mode is lowered from about 1800
RPM to 1700 RPM. In this case, the required output torque of
the hydraulic pump 13 is compensated for by heightening the
output of the motor-generator 17 by the hybrid control means
50, and thus the revolution drop of the engine 10 is prevented.

In another embodiment of the present invention, the hybrid
control means 50 controls the motor operation of the motor-
generator 17 so as to supplement the output of the engine 10
if the change of the output torque of the hydraulic pump 13
exceeds the predetermined level due to an abrupt increase of
load during working and thus it is determined that the engine
revolution drop is occurring. That is, by operating the motor-
generator 17 as a motor to supplement the output of the engine
10, the revolutions of the engine 10 is kept roughly constant
even if an abrupt output increase is required, and thus the
abrupt output can be obtained with the revolution (RPM) drop
of'the engine 10 prevented.

For example, in the case of the engine revolution drop
occurring due to an abrupt operation of the excavator, the
output torque of the hydraulic pump 13 that is required in the
hydraulic actuator 15 is calculated in advance, and if the
occurrence of the revolution drop is predicted, the motor-
generator 17 is driven as a motor to add the output to the
engine 10, and thus the engine revolution drop is prevented.

FIG. 3B is a schematic block diagram illustrating the con-
figuration of a system for controlling engine revolutions for a
hybrid construction machine according to another embodi-
ment of the present invention.

In a hybrid construction machine system, if the motor-
generator 17 attached to the engine 10 is abruptly operated,
the engine revolution drop may occur. Referring to FIG. 3B,
the system for controlling engine revolutions according to an
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embodiment of the present invention further includes a driv-
ing control means for controlling the power generation or the
motor operation of the motor-generator 17, and an abrupt
operation detection means 70 for detecting whether motor-
generator 17 is abruptly operated.

The hybrid control means 50 smoothly processes an abrupt
operation signal of the motor-generator 17 and supplies the
processed signal to the driving control means 60 if the change
of'the output torque of the hydraulic pump 13 that is required
according to the abrupt operation of the motor-generator 17
detected by the abrupt operation detection means 70 exceeds
the predetermined level and thus it is determined that the
engine revolution drop will occur. That is, in this embodiment
of'the invention, by distorting a predetermined amount of the
driving signal of the motor-generator 17 and smoothly apply-
ing the driving signal, the engine revolution (RPM) drop is
prevented.

Next, a method for controlling engine revolutions for a
hybrid construction machine according to another embodi-
ment of the present invention will be described. The explana-
tion of portions overlapping the explained portions of the
system for controlling engine revolutions for a construction
machine according to an embodiment of the present invention
as described above will be omitted. The method for control-
ling engine revolutions for a hybrid construction machine is
applied to the control system for a hybrid construction
machine which includes an engine 10, a hydraulic pump 13
which is driven by the engine 10 to drive a hydraulic actuator
15 with discharged hydraulic fluid, a motor-generator 17
which is driven by the engine 10 to generate electricity and to
drive the hydraulic pump 13 as a motor supplementing the
engine 10, and an energy storage device 19 which is charged
with electric energy generated by the motor-generator 17 and
which supplies the electric energy for motor operation of the
motor-generator 17.

FIG. 5 is a flowchart illustrating a method for controlling
engine revolutions for a hybrid construction engine output if
it is determined that the engine revolution drop will occur in
the drop determination step S200.

In a preferred embodiment of the present invention, in the
drop determination step S200, the possibility of generating an
engine revolution drop is determined if the change of the
output torque of the hydraulic pump 13 due to an abrupt
increase of load during the operation exceeds a predeter-
mined level.

FIG. 6 is a flowchart illustrating a method for controlling
engine revolutions for a hybrid construction machine accord-
ing to still another embodiment of the present invention.

In a hybrid construction machine system, if the motor-
generator 17 attached to the engine 10 is abruptly operated,
the engine revolution drop may occur. Referring to FIG. 6, the
method for controlling engine revolutions according to still
another embodiment includes an abrupt operation detection
step S500, a torque calculation step S1000, a drop determi-
nation step S2000, and a hybrid control step S3000.

In the abrupt operation detection step S500, it is detected
whether the motor-generator 17 is abruptly operated.
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In the torque calculation step S1000, the output torque of
the hydraulic pump 13, which is required in accordance with
the abrupt operation of the motor-generator 17 that is detected
in the abrupt operation detection step S500, is calculated.

In the drop determination step S2000, the possibility of
generating the engine revolution drop of the engine 10 is
determined if the change of the output torque of the hydraulic
pump 13 calculated in the torque calculation step S1000
exceeds a predetermined level.

In the hybrid control step S3000, the motor operation of the
motor-generator 17 is controlled by smoothly processing the
abrupt operation signal of the motor-generator 17 if it is
determined that the engine revolution drop of the engine 10
will occur in the drop determination step S2000.

As described above, the preferred embodiments of the
present invention have been described in detail with reference
to the accompanying drawings. The aspects and features of
the present invention and methods for achieving the aspects
and features will be apparent by referring to the embodiments
as described above with reference to the accompanying draw-
ings. However, the present invention is not limited to the
embodiments as described above, but can be implemented in
diverse forms. Although preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. A method for controlling engine revolutions in a control
system for a hybrid construction machine, including an
engine, a hydraulic pump which is driven by the engine to
drive a hydraulic actuator with discharged hydraulic fluid, a
motor-generator which is driven by the engine, to generate
electricity and to drive the hydraulic pump as a motor supple-
menting the engine, and an energy storage device which is
charged with electric energy generated by the motor-genera-
tor and which supplies the electric energy for motor operation
of the motor-generator, the method comprising:

a torque detection step of detecting an output torque of the
hydraulic pump that is required to drive the hydraulic
actuator;

a drop determination step of determining the possibility of
generating an engine revolution drop if the change of the
output torque of the hydraulic pump detected in the
torque detection step exceeds a predetermined level; and

a hybrid control step of controlling the motor operation of
the motor-generator so as to supplement the engine out-
putifit is determined that the engine revolution drop will
occur in the drop determination step,

wherein the drop determination step determines the possi-
bility of generating the engine revolution drop if the
change of the output torque of the hydraulic pump
exceeds the predetermined level due to an abrupt
increase of load during operation.
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